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5.2 Chironomid assemblages in Gonghai Lake 215 and Orthocladiinae) were identified, and 3 chironomid assemblage zones were recognized 217 (Fig. 4) . 95.7 % of the chironomid head capsules were identified to genus or species 218 morphotype. Due to poor preservation, the remaining 4.3 % were only identified to subfamily 219 level; this was especially applicable to the head capsules of the tribe Tanypodinae because the 220 key identification segments of fragmented subfossils were often covered by other material. 221
The concentration of chironomid head capsules appeared to follow variations in the organic 222 matter content of the samples. The concentration was high before 1500 cal yr BP and then 223 decreased to very low values until the present (Fig. 4) Based on the definition of warm-and cold-preference taxa given above, their totals were 260 calculated to reconstruct temperature changes during the past 4000 years (Fig. 4) . The results 261
indicate an overall trend of decreasing temperature; however, fluctuations in the abundance of 262 cold-preference taxa indicate that the temperature was high in zone 1, decreased sharply 263 around 2700 cal yr BP but maintained relatively high in zone 2, and fluctuated significantly 264 and reached a minimum in zone 3. It is evident that the cold-preference taxa were more 265 sensitive to temperature fluctuations and provide more detailed information about temperature 266 variations than the warm-preference taxa, and thus changes in the abundance the former were 267 primarily used to investigate temperature changes. 268
Wars and population changes 269
We calculated a total of 418 wars from 718 BC to 1911 AD. Given that the resolution of the 270 Gonghai Lake samples ranges from 50-100 years, the incidences of wars were summed to 271 For example, these events were the most severe during the LIA when both the temperature 277 and precipitation decreased significantly, which lasted for nearly 350 years. The results of 278
Pearson correlation and Granger causality analysis show that the change in abundance of the 279 cold-preference taxa are significantly related to the incidence of wars (r=-0.189 in Table 1,  280 p<0.01 in Table 2) . 281
Only 19 records of population size in Shanxi Province since 340 BC are mentioned in Lu 282
and Teng (2006), and they were used in the present study. These data are evenly distributed 283 within each dynasty (Fig. 6d) . Although the population size fluctuated significantly, an overall 284 increasing trend is evident, together with frequent population collapses following intervals 285 with a significant number of wars. 286 Table 1 289 Table 2 293 To validate our chironomid-inferred temperature record (Fig. 5a ), two unambiguous, 375 high-resolution, well-dated temperature reconstructions were chosen for comparison. The first 376 record is based on stalagmite layer thickness at Shihua Cave, close to Gonghai Lake (Tan et  377 al., 2003) (Fig. 5b) ; and the second is based on historical documents pertaining to winter 378 temperature changes in Eastern China (Ge et al., 2003) (Fig. 5c) 
